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1.0 PROJECT SUMMARY 
On June  8 ,  1987 ,  t he  r epo r t i ng  o f  t he  p r e sence  o f  chemica l s  

i n  o n e  o f  t h e  wa t e r  w e l l s  i n  t he  Tu tu  a r ea  o f  S t .  T h o ma s ,  US  

V i rg in  I s l ands  (USVI )  p romp ted  t he  Depa r tmen t  o f  P l ann ing  and  

Na tu r a l  Resou rce s  (DPNR)  o f  t he  USVI  and  t he  US  Env i ronmen t a l  

P ro t ec t i o n  A ge nc y  Reg ion  I I . t o  conduc t  a  s amp l ing  i nves t i ga t i on  

o f  '  a l l  t he  p roduc t i on  w e l l s  i n  t he  a r ea . .  Samp le  ana ly se s  

r evea l ed  t he  p r e s e nc e  o f  c h l o r i n a t e d  & a r om a t i c  hyd roca rbons ,  

among  o the r  chemica l s ,  i n  t he  wa t e r  o f  some  o f  t he  Tu tu  a r ea  

we l l s .  Th e  h ighes t  concen t r a t i on  o f  d i s so lve d  vo l a t i l e  o rga n i c  

compounds  was  r epo r t ed  t o  be  f ound  a t  t he  T i l l e t  G a rden  we l l  

l oca t ed  app rox .  300  - f t .  upg r ad i en t  f r om t he  Es so  T u tu  Se rv i ce  

S t a t i o n  (E T SS) .  

Because  o f  t he  r epo r t ed  p r e sen ce  o f  a roma t i c  hyd roca rbons ,  

DPNR/EPA i s sued  Admin i s t r a t i ve  Orde r s  t o  two  o f  t h e  s e rv i ce  

s t a t i ons  i n  ope r a t i on  i n  t he  immed ia t e  V ic in i t y  ( e g .  Es so  and  

Texaco ) .  Th i s  admin i s t r a t i ve  o rde r  r equ i r ed  t he  p r epa ra t i on  a nd  

submi t t a l  o f  a  W ork  P l a n  d e s ig n ed  t o  i nve s t i ga t e  pos s ib l e  p roduc t  

r e l e a se s .  

I n  S e p t e mbe r ,  1987 ,  Es so  S t an d a rd  O i l  S .A .  L td .  (ES S O)  

r e t a i ne d  Be lgode re  & A s soc i a t e s ,  I nc .  (BAI )  t o  p r e p a re  t he  

r equ i r ed  so i l  vapo r  s amp l ing  p l an  f o r  t he  Es so  T u tu  Se rv i ce  

S t a t i on .  Af t e r  on - s i t e  eva lua t i ons  and  d i s cus s ions  be tween  

•DPNR/EPA,  Camp ,  D re s se r  & McKee  (CD M ,  EPA ' s  Con t r ac to r ) ,  BAI  and  

ESSO,  t h e  Work  P l an  f o r  t h i s  i nves t i ga t i on  was  d r a f t ed  and  

app roved  on  March  17 ,  1988 .  On  Apr i l  5>  1 9 8 8  BAI  pe r sonne l  
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began  t he  so i l  vapo r  s c r e en in g  su rvey .  T h e  i n i t i a l  s c r e en ing  

i nves t i ga t i on  was  co mp l e t ed  on  Apr i l  23 ,  1988 .  

Th e  su rvey  r e su l t s  show an  a r ea  o f  hyd roca rbon  vapo r  

concen t r a t i ons  w i th  l eve l s  r ang ing  f rom no t  de t ec t ab l e  (ND)  t o  

1 ,675  ppm o f  b enzene  i n  t he  sou th  and  c en t r a l  po r t i on  o f  t he  ETSS  

f a c i l i t y .  Immed ia t e ly  t o  t he  sou th  o f  t he  ETSS  p rope r ty  t he  

vapo r  c oncen t r a t i ons  we re  s i gn i f i c a n t l y  r educed .  A  s econd  a r ea  

o f  hyd roca rbon  vapo r  concen t r a t i on  r an g in g  ND t o  128  ppm o f  

benzene  wa s  ob t a ined  o f f  s i t e  i n  a n  a r ea  ad j acen t  t o  t he  wes t  and  

sou thwes t  o f  t h e  s t a t i on .  A t h i r d  a r e a  o f  hyd roca rbon  vapo r  

c onc e n t r a t i ons  r ang ing  f rom N D  t o  2 .5  ppm benzene  was  f ound  

t h roughou t  t he  r ema in ing  s amp l ing  s t a t i ons .  

A l though  ch lo r i na t ed  compounds  a r e  no t  a s s oc i a t ed  w i th  mo to r  

f ue l  s t o r age  and  d i spens ing  ope ra t i ons ,  DPNR-EPA r eques t ed  ESSO  

t o  i nc lude  i n  t he  so i l  vapo r  s c r een in g  su rvey  an a ly s e s  o f  t he  

f o l l owing  ch lo r i na t ed  hyd roca rbons :  d i ch l o roe t hy l ene  (DCE) ,  

t e t r a c h lo roe thy l ene  (PCE) ,  t r i ch lo roe thy l ene  (TCE) .  T h i s  r eques t  

w as  made  b y  t h e  agenc i e s  because  ch lo r i na t ed  compounds  we re  

r epo r t ed  i n  t he  g roundw a te r ,  an d  found  i n  a  p r ev ious  s o i l  vapo r  

su rvey  conduc t ed  i n  t h e  a r ea .  Th i s  i nves t i ga t i on  showed  t ha t  

ch lo r i na t ed  hyd roca rbon  vapo r s  we re  p r e se n t  i n  mos t  o f  t he  po in t s  

s amp led .  

A  s o i l  vapo r  su rvey  was  c onduc t e d  a t  t he  Texaco  s e rv i ce  

s t a t i on .  The  Tex aco  s e rv i ce  s t a t i o n  i s  l oca t ed  600  f t .  

upg rad i en t  f r om t he  ETSS  f a c i l i t y .  A  r epo r t  o f  t h e i r  f i nd ing  was  

submi t t ed  on  December  1 8 ,  1987 ,  t o  t he  r eg u l a t o r y  a ge nc i e s .  



2.0 PROJECT BACKGROUND 
A n umber  o f  wa t e r  we l l s  have  been  s hu t  down  by  t he  

De pa r tme n t  o f  P l ann ing  and  Na tu r a l  Resou rce s  o f  t h e  USVI  (DP N R )  

a nd  t he  Env i ronmen ta l  P r o t ec t i on  Agency  Reg ion  I I , '  New York  ( EPA)  

a s  a  r e su l t  o f  r e po r t e d  g roundwa te r  con t amina t i on  i n  t he  Tu tu  

a r ea  o f  S t .  Thomas ,  US VI .  DPNR/EP A be l i eve  t ha t  among  t he  

pos s ib l e  sou rce s  o f  a roma t i c  hyd r oca r bons  f ound  i n  t he  

groundwater may be the gasoline stations which operate or had 

ope ra t ed  i n  t he  Tu tu  a r ea .  Es s o ,  a s  t he  owne r  o f  a  ga so l i n e  

s e rv i ce  s t a t i on  l oca t ed  i n  t he  Pou r  Winds  Shopp ing  Cen t e r  a t  t h e  

Tu tu  Area  o f  S t .  Thomas ,  was  i s sued  a n  admin i s t r a t i ve  o rde r  by  

DPNR t o  i nves t i ga t e  t h e  s i t e .  Es so  con t r ac t ed  BAI  t o  conduc t  

t h e  i nves t i ga t i on  and  t o  i s s ue  a  r epo r t  on  t he  f i nd ings .  

ESSO and BAI representatives met several times with EPA's 

P r o j e c t  M anage r s ,  Mr .  Cha r l e s  D o lan ,  who  wa s  s u b s eq ue n t l y  

r ep l aced  b y  Ms .  Ca ro l i ne  Kwan j  DPNR ' s  r ep r e sen t a t i ve s ,  Ms .  

F r anc ine  Lang  a nd  Grego ry  Rhymer ;  and  t he  P ro j ec t  Of f i c e r  f rom 

Camp ,  D re s se r  & McKee  F e de ra l  P rog rams  C orpo ra t i on  (CDM -PPC) ,  Mr .  

Sco t t  B .  Gr abe r ,  t o  d i s cus s  t he  t e chn i ca l  app roach  t o  be  u sed  i n  

t he  Inves t i ga t i on .  

The  i n i t i a l  p roposed  work  p l an  subm i t t ed  by  ESSO t o  D P NR-E PA 

i n  Sep t embe r  1 9 8 7  i nc luded  d r i l l ! ng , ' co l l e c t !on  and  ana ly se s  o f  

s o i l  s am p l e s ,  i n s t a l l a t i on" o f  m on i t o r i ng  we l l s  a nd  t he  co l l e c t i on  

and  an a ly se s  o f  g roundwa te r  s amp le s . '  

DPNR-EPA rejected ESSO'S original proposed investigation 

p l an  a n d  sugges t ed  t ha t  a  so i l  va po r  s c r een ing  su rvey  be  



pe r fo rmed .  ES S O p r e sumes  t ha t  t he  f i nd ings  o f  t he  so i l  vapo r  

su rvey  conduc t ed  a t  t he  ETSS  s i t e  w i l l  be  compared  t o  t he  r e su l t s  

o f  t he  so i l  vapo r  s u rv ey  p r ev ious ly  conduc t ed  t o  t he  n o r th  a round  

t he  Texaco  f a c i l i t y .  

A s econd  work  p l an  was  submi t t ed  and  r ev i ewed  by  DP NR/EPA.  

Approva l  o f  t he  p l an  was  ob t a ined  on  March  17 ,  1988 .  The  s o i l  

vapo r  s c r een ing  su rv ey  s t a r t ed  on  Apr i l  5  w i th  DPNR/EPA 

unde r s t and ing  o f  t h e  p ro j ec t  l im i t a t i ons  caused  by  t h e  

unava i l ab i l i t y  o f  l ow  e nd  BT E X s t anda r ds  o f  1 ,  1 0 ,  100  ppb .  



2 .1  LOCATIO N  AND PURPOSE OF  STUDY 

T h e  Es so  Tu tu  s e rv i ce  s t a t i on  I s  l oc a t e d  i n  S t .  Thomas  USVI  

on  t he  we s t  s i de  o f  r o ad  No .  38  i n  t he  Tu tu  a r e a ,  a t  t he  sou th  

e a s t e rn  co rn e r  o f  t h e  Pou r  Winds  Shopp ing  Cen t e r  pa rk ing  l o t  ( s e e  

f i gu re  2 .1 .1 ) .  N ea r b y  f a c i l i t i e s  i nc lude  a  Texaco  ga so l i ne  

s t a t i on  (600 '  NNE) ,  t h e  LAGA bu i l d i ng  ( fo rmer ly  a  c l o th ing  

m anuf ac tu r i ng  p l an t ,  875 '  NE)  ,  t he  Fou r  Winds  Shopp ing  Cen t e r  

( 75 '  W) ,  V i t e l co  bu i l d ing  ( l oca l  t e l ephone  com pany ,  100 '  E )  ,  

Mike ' s  Pa in t  S to r e  (2 5 0 '  E NE )  and  a  p r i va t e  Lu the r an  s choo l  ( 400 '  

S )  ( s ee  f i gu re  2 . 1 . 2 ) .  

P rom Apr i l  5  t h rough  23  ,  1988  ,  BAI  pe r sonne l  conduc t ed  a  

so i l  vapo r  s c r een in g  su rvey  i n  and  a round  t he  Es so  Tu tu  Se rv i ce  

S t a t i on .  Th e  pu rpos e  o f  t h e  so i l  vapo r  s c r een ing  su rve y  w a s  t o  

de t e r mine  t he  p r e sence  and  a r ea l  ex t en t  o f  hyd roca rbon  v apo r s  i n  

t he  so i l  m a t r i x .  I t  shou l d  be  po in t ed  ou t  t ha t  so i l  vapo r  va lue s  

c anno t  be  d i r e c t l y  equa t ed  t o  concen t r a t i ons  o f  d i s so l ved  

hyd roca rbons  i n  t he  g round  wa t e r .  

2 . 2  HYD RO G EO LO G I CA L SETTING 

Acco rd ing  t o  i n fo rma t ion  ob t a ined  f rom "So i l  S u rvey  o f  t h e  

U .S .  V i rg in  I s l ands ,  1970  So i l  Conse rva t i on  Se rv i ce  Repo r t " ,  

i s sued  i n  Augus t  1970 ,  t h e  a r ea  i s  de sc r i bed  a s  a  ne twork  o f  

t e r r a c e s  and  a l l u v i a l  f an s  s l op ing  gen t l y  t o  mode ra t e ly  t oward  

t he  sou th .  So i l  depos i t s  cons i s t  o f  s t r a t i f i ed  s ands ,  g r av e l s  

5 
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a n d  c l ay s  w i th  a  pe rmea b i l i t y  o f  0 . 20  t o  0 .63  i n . / h r .  So i l  

s t r a t a  t h i cknes s  a round  t he  s i t e  l oc a t i on  va r i e s  f rom expose d  bed  

ro c k  on  s i de  o f  h i l l s  t o  ove r  20  f t .  i n  a l l uv i a l  depos i t s .  

Based  o n  t opog raph i c  and  s t r uc tu r a l  i n fo rma t ion  o b t a ined  

f ro m "Geo logy  o f  S t .  T homas  and  S t .  John ,  U .S .  V i rg in  I s l ands"  by  

T h o mas  W.  Donne l l y  (NSF ,  G-114407 ) ,  t h e  bed rock  i n  t he  uppe r  

t u rp e n t i ne  run  ba s in  i s  t he  Lou i s enho j .  f o rma t ion .  Ex t ens ive  

de fo rma t ion  a nd  f r a c tu r i ng  ha s  occu r r ed  due  t o  l a t e r  t e c ton i c  

a c t i v i t i e s .  Loca l  g roundw a te r  f l ow  i n  t he se  rocks  I s  co n t ro l l ed  

by  f r a c tu r e s  unde r ly ing  t he  s i t e  a r ea .  The  r eg iona l  d i  r e c t i  on  o f  

g ro undwa te r  f l ow  i s  g en e ra l l y  t o  t he  sou th .  

Bas ed  on  d i s cus s ions  w i th  l oca l  wa t e r  we l l  d r i l l e r  (Po ly  

C a r l b e ) ,  dep th  o f  g roundwa te r  a t  t he  Fou r  Winds  Shopp ing  C en t e r  

we l l  ( l oca t ed  25  f t .  n o r th  o f  t h e  Se rv i ce  S t a t i on )  and  t he  

T i l l e t t  Wa te r  We l l  ( l o ca t ed  250  f t :  t o  t he  no r thea s t ) ,  i s  

r epo r t ed  t o  be  be tween  15  and  20  f t .  d u r in g  t he  r a iny  s ea sons  

when  t he  wa t e r  t ab l e ,  i s  h i gh  and  pumping  o f  commerc i a l  an d  

r e s i den t i a l  wa t e r  we l l s  i s  l ow .  The  l oca l  w a t e r  t ab l e  ha s  been  

p r ev ious ly  obse rved  t o  d rop  be low  90  f t .  a s  a  r e su l t  o f  h igh  

w a t e r  ex t r a c t i o n  du r ing  ex t ended  d rough t  pe r i ods  ( s ee  t ab l e  

2 . 2 . 1 ) .  Wa te r  supp ly  we l l s  i n  t he  v i c in i t y  a r e  g e n e r a l l y  

d r i l l e d  t o  dep th s  be tween  100  t o  2 0 0  f t .  be low  l and . s u r f ace .  
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Tab le -  2V2V1  

Wel l  21  (20 -64 .55 -15 -50 )  

C^ner.—J. Tillet. 
• Location.-- Lat 18* 20* 20\ long 64* 53' 16... 

Description.--Drilled water-table production well. 
dura 6-ln, cose- 0-15. 

Depth.--100 hi 
Aoulfer. —Volcanic rocVs of Crotocecus age. 
M.Henrinp palnt,Top of 6-tn casing, 1.5 ft above lid. 

loud elevation. -'-200 It  above mil.  
lUnhrTTwatcr level.—38 .40 (t below Ud. !«". 1. 1964. 
ixwrM water level.—94.18 ft below lid, July S, I960. 
he'coiti . ,  rvMlM.-lo.--~'"-"'1"! analyse; :  1903-60. 

Wntcr levels :  1964-60 • 
Remailc.s...—Measurement dlicontlnued, April 1969. 
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.0 1.000 

289 0 1,535 7.9 28 
3S2 0 1,680 7.7 28 — 

330 0 l',650 8.0 -- — 

"334 0 1,650 7.9 28 --
347 0 1,650 8.2 28 — 

356 0 1,730 8.0 — --

349 0 1,750 7.7 -- --

328 0 1,720 8.'0 31 — 
435 0 1,760 7.7 27 — 

206 0 1,750 8.1 26 ~~ 

39S 0 1,780 7'.9 — — 

312 0 1,820 8.1 — — 

* Residua on evaporation at 180* C. 

Water levels. In feat below land surface 

Data 
Wetor 
level 

Data 
Water 
level Data Water 

level Data 
Water 
level 

Jan. 2, 1964 
Jan. 23 
Feb. 3 
Feb. IX* 
reb. 17 

38.40 
39.08 
39.40 
39.52 

.39.58 

Sept. 29. 1964 
Oct. 13 
Oct. 19 • 
Oct. 24 
Hoy . 2 

47.80 
48.49 
49.00 

"51.22 
49.39 

Juno 14, 1965 
June 21 
June 29 
July 7 
July 21 

"71.67 
*71.61 
*70.31 
*72.50 

68.60 

Oct. 31, 19CS 
Nov. 29 
Dee. 28 
Jan. 31, 1967 
Mar. 14 

51.23 
51.10 

"M.SO 
55.35 
59.62 

Mar. S 
Mar. 9 
Mar. 16 
Mar. 24 
Mar. 30 

40.02 
40.23 
40.37 
40. 6S 
41.00 

Nov. 9 
Nov. 23 
Nov. 30 
Dec. 7 
Dec. 14 

49.81 
4 9.•90 
50.40 

"53.16 
"54.40 

Aug . S 
Aug. 21 
Aug, 31 
Sept. 30 
Oct; 29 

68.69 
69.55 
68,50 
66.25 

*65.48 

Apr. 13 
June 1 
July 6 ' ' 
Aug. 1 
Sept. 1 

*65.82 
*66.94 
67.75 

*72.07 
*75.87 . 

Apr. 7 
Apr. 13 
Apr. 20 
May S ' 
May 11 

41.01 
41.10 
41.32 
41.67 
41.96 

Dec21 
Dec. 28 
Jan. 4, 1965 
Jan. 11 
Jan. 26 

52.29 
*53.29 
"56.30 
"56.93 

55.18 

Nov. 12 
Nov. 26 
Dec. 8 
Dec, 14 
Dec. 27 

*58.09 
55.75 
54.OS 
47.28 
42.4S 

Oct. 3 
'NoV. 1 
Dec. S 
Dec. 7 , 
Jan. 4, 1968 

.81.61 
*86.10 
*85.78 
*85.67 

85.72 

May 13 
May 18 
May 26 
June 1 
•June 8 

42.05 
"45.60 

44.35 
44.16 
46.99 

Teb. 8 
Teb.15 
Teb. 23 
Mar. 2 
Mar. 6 

56. S6 
57-. 5 9 

"58.63 
60.81 
61.85 

Jan. 3, 1966 * 
Jan. 17 
Jan. 27 
Fab. 14 
Mar. 15 . J 

42.27 
40.61 

:-40.42 
.40.28 
41.10 

Jan. 22 . 
Mar. S 
Apr.' 3 
May 3 
June 3 

82.69 
. 92.26 

85.65 
88.17 
•92.75 

June I S 
June 22 
June 29 
July 6 
July 13 

44.98 
47.02 
46.55 
4S.37 
45.26 

Mar, IS 
Mar. 23 
Mar. 30 
Apr. 6 
Apr. 19 

66.10 
70.08 

*75,17 
7S.61 
74.32 

Mar. 30 
Apr. 12 
Apr. 26 
May 10 
May 26 

*42.28 
42.51 
42.79 
43.14 
44.09 

JulyS 
Aug. -1 
Oct. 1 
Nov. S 
Dec. 4 

94.18 
83.35 
68.07 

*25.10 
68.13 

July 20 
Aug, 10 

.Aug . 24 
Aug. 31 
Sept. 9 

45.52 
46.40 
46.94 
46.93 
47.71 

Apr, 26 
M ay 3 
May 15 
May 18 
May 24 

"81.62 
75.59 
71 .68 
69.26 
69,00 

lune 8 
Juno 27 
July 11 
July 25 
Aug. 5 

45.40 
46.50 
49.83 
48.7 9 
49.7 S 

Jan. 3, 1969 
Feb. S 
Mar. 24 
Apr. 23 

57.49 
61.36 

*58.94 
S7.5S 

Sept. 14 
Sept. 23 

48.19 
47.99 

June 2 
June 7 

67 ,j! 
67 .86 

Aug. 30 
Sept. 27 

*52.34 
50.93 

a - pumping. 
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3 .0  METHOD OP INVESTIGATION 
A p r e l im ina ry  f i e l d  and  l i t e r a t u r e  i nves t i ga t i on  was  

pe r fo rme d  by  BAI  pe r sonne l  du r ing  t he  mon ths  o f  Sep t em be r  t h rough  

December  1 9 8 7  t o  a l l ow  fo r  op t i m i z a t i on  o f  r e sou rce s  du r ing  so i l  

va po r  ex t r ac t i on  a nd  t e s t i ng  o p e ra t i o n s .  The  r e su l t s  o f  t h e  

p r e l im ina ry  s i t e  i nves t i ga t i on  were  r ep o r t ed  i n  s ec t i on  3*4  o f  

t h e  Es so  Tu tu  Se rv i ce  S t a t i on  So i l  V apo r  I n v e s t i g a t i o n  P l an ,  

da t ed  J anua ry  11 ,  1988 .  

3 . 1  SOIL VAPOR SCREENING SURVEY 
T h e  so i l  vapo r  s c r een i n g  su rvey  was  conduc t ed  i n  and  a round  

t he  ETSS  f a c i l i t y  be t we en  Apr i l  5  and  Ap r i l  23 ,  1988 .  Th e  

s c r e e n i ng  su rvey  cons i s t ed  o f  ob t a in ing  s o i l  vapo r  s amp l e s  a t  

d i f f e r en t  l o ca t i o n s  and  dep th s ,  and  pe r fo rming  on - s i t e  ana ly se s  

o f  t h e  s amp le s  u s ing  two  HNU-301  ga s  ch ro ma to g rap h s  (GC)  owned  

and  ope r a t ed  by  BAI .  

So i l  vapo r  s amp l ing  and  f i e l d  ana ly se s  we re  pe r fo rmed  a s  

ou t l i ned  i n  t he  Es so  Tu tu  Se rv i ce  S t a t i on  So i l  Vapo r  

Inves t i ga t i on  P l an  an d  t he  Es so  Tu tu  Se r v i ce  S t a t i on  QA/QC P l an  

da t ed  J anua ry  11 ,  1988  ( s eco n d  r e v i s i on ) ,  w i th  mod i f i c a t i ons  

ba sed  on  f i e l d  cond i t i o ns  and  r eq u es t s  by  DP NR /EP A/C DM.  

T h e  s o i l  vapo r  s amp l ing  S t a t i ons  cons i s t ed  o f  11  po in t s  

l oca t ed  i n s i de  t he  s e rv i ce  s t a t i o n  p rope r t y  and  33  po in t s  l oca t ed  

ou t s i de  t he  f a c i l i t y .  Sample s  a t  e a c h  s t a t i on  were  t aken  f rom 

dep th s^ be tween  2 - 4  f t .  and  6 -8  f t .  wh e re  l o ca l  cond i t i ons  

a l l owed .  A  s amp l ing  l oca t i on  map  I s  p r e sen t ed  i n  f i gu re  3 . 1 . 1 .  
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So i l  vapo r  s amp le s  we re  co l l e c t ed  by  d r i v i n g  a  5 /8  i nch  

d i ame t e r  ho i l ow  S t a in l e s s  s t e e l  p robe  t o  t he  a pp rop r i a t e  dep th  by  

hand  w i th  a  s l i de  hammer .  O nce  t he  de s i r ed  dep t h  was  a ch i eved ,  5  

t o  10  l i t e r s  o f  s o i l  vapo r  f rom a round  t he  sh i e ld  po in t  we r e  

ex t r ac t ed  w i th  t he  u se  o f  a  1 ,700  cc /min  ba t t e ry  o p e ra t ed  vacuum 

pump  (w i th  bu i l t - i n  ro t ame te r ) .  Th e  pump  was  a t t a ched  t o  t he  

p robe  w i th  a  t ygon  hose  con t a in ing  a  s e p tum samp l ing  p o r t  and  a  

vacuum gauge .  Ga s  t i gh t  sy r i nges  we re  i n se r t e d  t h rough  t he  

s ep tu m po r t  t o  co l l e c t  two  t o  fou r  2 . 5  m i l l i l i t e r  t o  25  

mic ro l i t e r  vapo r  s amp le s  f o r  immed ia t e  on - s i t e  ana ly s i s .  

Samp le s  we re  an a ly zed  f o r  a roma t i c  hyd roca rbons  (BTEX) ,  

wh ich  t yp i ca l l y  compr i s e  t he  ma jo r  cons t i t uen t s  o f  commerc i a l  

g a so l i ne .  Ch lo r i na t ed  h y d roca rbons  TCE,  PC E,  and  DCE ,  a l t hough  

no t  t yp i ca l l y  found  i n  ga so l i ne  we re  a l so  ana lyzed .  

11 
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As  p r ev ious ly  men t ioned ,  tw o  GC ' s  we re  u se d  f o r  t he  f i e l d  

ana ly se s .  GC N o .  1  wa s  equ ipped  w i th  a  pho to  i on i za t i on  de t ec to r  

(P ID)  and  a  f l am e  i on i za t i on  de t e c to r  (F ID)  a nd  a  10$  TCEP ,  

Ch rom oso r b  PAW  8 r  x  1 /8 "  s s  pack  co l umn .  GC No .  2  wa s  equ i pped  

w i th  a  F ID  and  a  3% SE  30  Chromoso rb  WAW 6 '  x  1 / 8 "  s s  p ack  

co l u mn .  Bo th  GC ' s  we re  equ i pped  w i th  Spe c t r a  Phys i c s  mode l  

SP4 2 9 0  i n t eg r a to r s  f o r  da t a  r educ t i on .  

I n i t i a l l y ,  GC No .  1  w as  s e t  t o  s e l ec t i ve ly  i d en t i f y  a roma t i c  

hyd roca rbons  and  GC No .  2  t o  s e l e c t i ve ly  i den t i f y  ch lo r i na t ed  

hyd roc a rbons .  D ue  t o  cons t an t  vo l t age  f l uc tua t i ons  r ang ing  f r om  

92  t o  125  vo l t s ,  a nd  da i l y  power  ou t a ge s  du r ing  t he  f i r s t  days  o f  

t he  i nve s t i ga t i on ,  t he  P I D /F ID  GC and  bo th  i n t eg r a to r s  f a i l ed  t o  

pe r fo rm  a s  de s igned .  Th e  P ID  w as  a f f ec t ed  by  dec r ea sed  

s ens i t i v i t y ,  and  t he  i n t eg ra to r s  u sed  t o  ca l cu l a t e  pe a k  a r ea s  

we re  ma l f unc t i on i ng  wh ich  . r equ i r ed  l a t e r  m anua l  d a t a  r e duc t i on .  

The  vo l t age  i r r eg u l a r i t y  was  min imized  by  i n s t a l l i ng  a  Topaz  

mode l  02906 - 02P3  p o wer  cond i t i on ing  un i t .  Howeve r ,  even  w i th  

t h i s  un i t ,  t he  vo l t age  f l uc tua t i ons  damaged  GC No .  1 ,  and  a l l .  t h e  

s amp le s  we re  subsequen t l y  a n a ly z e d  u s ing  GC No .  2  on ly .  

I n  an  e f fo r t  t o  e l i m ina t e  vo l t age  va r i a t i ons  and  power  

ou t ages ,  an  on - s i t e  ge ne ra to r  ( O nan  3«5  kw)  was  emp l oyed  wh i ch  

p roduced  a  c ons t a n t  145  vo l t s  un t i l  b r eakdown  occu r r ed  a f t e r ' 5  

days  o f  u se .  

An a ly se s  o f  t he  so i l  v ap o r  s amp le s  showed  t ha t  t he  r ange  o f  

concen t r a t i ons  we r e  s eve r a l  o rde r s  o f  mag n i t u d e .  D ue  t o  t he  

r ange  o f  r e su l t s ,  . an d  unava i l ab i l i t y  o f  t h e  low  end  BTEX 
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s t a nda r ds ,  i t  wa s  a g r e e d  by  a l l  r e p r e s e n t a t i ve s  t ha t  su f f i c i en t  

i n fo rma t ion  f o r  t h e  su rvey  was  ob t a ined  wh ' en  t h e  a ro ma t i c  

hyd roca rb o n  vapo r  concen t r a t i ons  we r e  be low  1  ppm  f o r  e a c h  B TEX 

c om pone n t .  The  s amp l ing  bounda r i e s  we re  t hus  f i na l i z ed  when  

s am p le  r e su l t s  we r e  be l ow  1  ppm.  Th i s  r ep l aced  t he  p r ev ious  

a g re e m e n t  t h a t  t he  so i l  vapo r  su rve y  l im i t s  w e re  r e ached  w hen  t he  

concen t r a t i ons  we re  b e l o w  t h r e e  t imes  backg round .  
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4.0 RESULTS OP SOIL GAS SURVEY 
4.1 AROMATIC HYDROCARBONS 
Tab l e  4.1.1 p re sen t s  t he  h ighes t  BTEX ana ly se s  r e su l t s  o f  

t he  s equ en t i a l  s amp le s  ob t a ined  f rom ea ch  so i l  vapo r  s am p l e  

po in t .  Sequen t i a l  s am p le s  we re  t aken  du r ing  t he  su rvey  i n s t ead  

o f  dup l i c a t e  sp l i t  s amp le s  o r i g ina l l y  p roposed  i n  t he  Work  P l an .  

Co p i e s  o f  a l l  ch roma tog rams  a nd  da i l y  c a l i b r a t i on  cu rves  a r e  

p r e sen t ed  i n  a  s epa ra t e  supp l emen t  en t i t l ed :  "Ph o to c o p i e s  o f  

Or ig ina l  Gas  Ch roma tog rams  and  Ca l i b r a t i on  Curves " .  

D u r ing  t he  p r ev i ous  s - t udy  pe r fo rm ed  by  Geosc i ence  

C o n s u l t an t s ,  L td .  f o r  Texaco ,  backg r ound  co n cen t r a t i o n  f o r  t he  

gene ra l  a r ea  we re  found  t o  be  be tw e e n  0 . 1  t o  0 .9  ppb  o f  t o t a l  

p e t ro l e u m hyd roca rbons .  A t  t h e  d r i f t  po in t  s e l ec t ed  f o r  t he  ETSS  

s o i l  vapo r  i nves t i ga t i o n ,  r e pe a t e d  s amp le s  w e r e  t aken  by  

i n s e r t i ng  s ep a ra t e  p robes  w i th in  a n  a r ea  o f  l e s s  t han  1 5 0  squa re  

f e e t  t o  de t e rmine  whe the r  s o i l  v ap o r  va lue s  va r i ed  s i gn i f i c an t l y  

ove r  t ime  and  sho r t  d i s t ance  ( s ee  t ab l e s  4 .1 .2A  a nd  4 . 1 . 2B  fo r  

r e su l t s  and  f i gu re  3 . 1 . 1  f o r  l oc a t i on ) .  Dr i f t  po in t .  Benzene  

va lue s  r anged  be tw een  <1  ppm an d  160  ppm.  Th e  h ighes t  va lue  

r eco rded  w a s  f r om a  samp le  ob t a ined  f rom a  dep t h  o f  8  f t . ,  t he  

deepes t  dep th  a t t a i ned .  Th e  r ange  o f  va lue s  ob t a ine d  i n  t he  

d r i f t  po in t  a r ea  may  be  i n  pa r t  co n t r o l l ed  by  t he  i nab i l i t y  t o  

ob t a in  s amp le s  f rom t he  same  dep th  a long  w i th  t he  t ime  an d  

spac i a l  d i f f e r e nc e s  t ha t  cou ld  na tu r a l l y  occu r .  Dep th  a ch i eved  

f o r  any  s a m p l i ng  po in t  was  con t ro l l ed  by  l oca l  l i t ho logy .  
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V alues  r epo r t ed  i n  t ab l e s  4 . 1 . 1  and  5 . 0 . 1  a r e  t he  ca l cu l a t ed  

v a lu e s  w i thou t  sub t r ac t i ng  backg r ound  and /o r  d r i f t  po in t  va lue s .  

The  s o i l  vapo r  s c r e en in g  su rvey  i den t i f i ed  t h r ee  a r ea s  o f  

measu rab l e  BTEX vapo r  concen t r a t i ons :  

o  .  Are a  1  -  Se rv i ce  s t a t i on  p rope r ty  a nd  a r ea  sou th  o f  

p rope r ty .  

B e nz e ne  vapo r  concen t r a t i ons  r anged  f rom ND t o  1 ,675  

p p m.  

o  Area  2  -  Wes t  and  s ou thwes t  o f  s e r v i ce  s t a t i o n .  

Benzene  vapo r  concen t r a t i ons  r anged  f rom ND t o  128  ppm.  

o  Area  3  -  Nor th  and  e a s t  o f  t he  s e rv i c e  s t a t i on .  

Benzene  vapo r  concen t r a t i ons  r anged  f rom ND  t o  2 .5  p p m.  

F i gu re  4 . 1 . 3  p r e s en t s  a  d i s t r i bu t i on  map  o f  benzene  vapo r  

r e su l t s  found  du r ing  t h i s  s t udy .  
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TAB LE 4 . 1 , 1 .  

HIGHEST CONCENTRATIONS OF  AROMATIC HYDROCARBON VAPORS FO U ND 

IN  SOILS  GAS SAMPL E S,  ESSO TUTU AR E A (PPM)  

LO C A T IO N  D A TE DEPTH B E NZ E NE  TOLUENE XYLENE 

1 -1  APRIL /20  3 ' 10"  ND 0 . 7 2 2  ND 

1 -2  APRIL /06  2 ' 6 "  ND ND ND 

1 - 3  APRlL /06  1  ' 6 "  ND ND ND 

1 - 4  APRIL /2 2  3  '  0"  24 .68  ND 3 . 2 9 5  

I -S  .  APRIL /20  3 '  0 "  0 . 223  3 .277  0 .011  

1 - 7  APRIL /07  2  ' 4 "  40 .55  ND 17 .81  

1 -8  APRIL /07  4  '  0 "  1137 .593  ND 29 .1  

1 -8  APRIL /07  8  '  0"  1268 .772  ND 445 . 1  

1 -9  A P RIL / 11 .  4  '  8  "  • 9 77 .536  2 9 6 .9 5 5  54 .559  

1 -10  APRIL / 11  2 ' 3 "  128 .630  44 .196  10 .376  

1 -12  APRIL /07  3  '  6 "  2 . 353  ND 349 .  1  

1 -13  APRIL /07  4  '  0 "  ND ND ND 

1 -14  AP RIL /11  3  ' 6 "  70 .6  11 .32  ND 

1 -15  APRIL /1 5  3 '  6  "  ND 0 . 249  0 .098  

1 -16  A PRI L / 2 3  2 '  3 "  0  . 102  0 .3 9 1  ND 

1 -1 7  APRIL /2 2  4  '  0 "  1675 .18  80  . 4 5  83 .92  

1 -18  A PRI L / 1 2  2  MO"  ND 0 . 011  • "  ND 

1 -19  APRIL / 11  7  '  5"  ND ND ND 

1 -20  APRIL /16  '  2 ' 4 "  0 .  116  0  . 522  3 .922  

1 -21  A PRI L / 1 2  4 '  6 "  0 . 004  ND ND 

1 - 22  APRIL /12  3 "  0 "  135 .8  10 .58  ND 
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1 - 23  APRIL /12  4 '  0  "  6 .  11  ND ND 

1 -24  APRIL /14  2 '  8  "  0 . 042  0 .4 1 8  1 .37  

1 - 25  APR IL /20  " 3  ' 0 "  ND 0 . 173  0 .003  

1 -28  APRIL /13  •  4 ' 6 "  0 .057  0 .015  0 .465  

1 -29  APRIL /13  4 '  8 "  ME  ME  ME 

I I - l  APRIL /16  I ' l l "  0 .763  0 .012  0 .021  

I I - 2  APRIL /16  2 '  2 "  2 . 598  0 .174  0  . 199  

I I - 3  APRIL /16  2 '  3 "  ND 0 .  144  0 . 418  

I I - 4  APRIL /18  4  ' 0 "  ND 0 . 135  0 . 132  

11 -5  APRIL /19  1 '  8 "  0 . 009  1 .8 6  0 .001  

I I - 6  APRIL /19  2 ' 4 "  0 .052  2 .75  3 .924  

11 -7  APRIL /19  3  '  9"  0 . 024  1 .64  ND 

I I - 8  APRIL /19  5 '  6 "  ND 0 . 745  0 .003  

1 1  - 9  APRIL /19  3 '  0 "  0 . 030  0 , 688  ND 

11 -10  '  APRIL /20  2  '  0"  0 . 235  5 .8 4 7  0 .012  

11 -11  APRIL /21  2 '  4  "  ND *  15 .03  1 .30  

11 -12  APRIL /21  2 '  9 "  ND 0  . 018  0 .067  

11 -1 3  APRIL /21  3 '  0 "  0 . 286  3 .987  0 .005  

11 -14  APRIL /21  3 '  0 "  0 . 081  1 .79  0 .066  

11 -15  APRIL /21  3 '  0 "  0 .P13  0 .014  0 .  056  

11 -16  APRIL /22  3 '  0  "  0 . 050  0 .833  0 .431  

11 - 17  APRIL /22  2 ' 6 "  0 .  109  0 .  131  0 .033  

11 -18  APRIL /22  2 '  2 "  ND 1 . 21  ND 

11 -19  A PRI L / 2 3  2 '  9 "  0 . 016  1 .184  0 .925  

ME-Mask i n g  E f f ec t  

ND-No t  De t ec t ed  
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Table 4.1.2 A 
9 

VALUES SHOWING 

HIGHEST CONCENTRATION OF AROMATIC HYDROCARBON VAPORS, 

ESSO TUTU AREA (PPM) 

LOCATION DATE DEPTH BENZENE TOLUENE M-P-XYLENE O-XYLENE 

D.P. 1 4/6/88 8 1 0" ND ND ND ND 

D.P.2 4/7/88 6 1 0 " 160.679 ND ND ND 

D.P.3 4/8/88 3'6" ND ND ND ND 

D.P.4 4/11/88 6'8" ND ND ND ND 

D.P.5 4/12/88 6 1 0" ME ND ND. ND 

D.P. 6 4/13/88 7' 0" ND • 0.660 ND 5.880 

D.P.7 4/14/88 613.5" ND 0.964 0.984 0.330 

ME /MASKING EFFECT 

ND NOT DETECTED 
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Tab l e  4 . 1 . 2  B  

VA LU ES SHOWING 

HIGHEST CONCENTRATION OF  CHLORINATED HYDROCARBON VAPORS,  

ES S O TUTU AREA (PPM)  

LOCATION  DATE DEPTH DC E  TCE PCE 

D .P .1  4 /6 /88  8  '  0 "  ND ND ND 

D .P .2  4 /7 /88  6  1  0  "  ND ND ND 

D .P .3  4 /8 /88  3 ' 6 "  ND ND ND 

D .P .4  4 /11 /88  6 ' 8 "  ND ND ND 

D .P .5  4 /12 /88  e ' o "  ND- ND 3 . 064  

D .  P .  6  4 /13 /88  7  1  0  "  ND ND ND 

D .P .7  4 /13 /88  6 ' 3 . 5 "  22 .16  0 .104  0 .196  

ND NOT DETEC TED 
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4 i2  AREA 1  -  ETSS  f a c i l i t y  and  a r ea  sou th  o f  t h e  p rope r ty .  

The  su rvey  r e su l t s  show hyd roca rbon  vapo r  concen t r a t i ons  

r anges  f rom ND t o  1 ,675  ppm o f  benzene .  T h e  h ighe s t  

concen t r a t i ons  we re  f o u n d  i n  t he  s ou th  a nd  c en t r a l  po r t i on  o f  t h e  

s e r v i ce ,  s t a t i on .  Due  t o  t he  va r i ab l e  dep th  t o  bed rock  a t  t he  

s i t e ,  s am p l i ng  a t  tw o  d i f f e r en t  dep th s  a t  t he  same  l oca t i on  was  

no t  a lways  pos s ib l e .  

Th e  s e rv i ce  s t a t i on  con t a in s  f i l l  ma te r i a l  su r rounded  by  

r e t a i n ing  wa l l s .  Th e  r e t a i n i n g  wa l l s  compr i s e  t he  f a c i l i t y  

bounda r i e s .  Land  su r f a ce  e l ev a t i o n  measu remen t s  ( s ee  f i gu re  
A' 

4 .2 .1 )  i nd i ca t e  an  ave r age  he igh t  d i f f e r en t i a l  o f  app rox ima te ly  5  

f t .  be tween  t he  s e rv i ce  s t a t i o n  unde rg round  s t o r age  t anks  a r ea  

and  t he  sou th  po r t i on  o f  t h e  shopp ing  c en t e r  pa rk ing  l o t  ad j acen t  

t o  t he  f a c i l i t y .  T wo  s amp l e  s t a t i ons  1 -2  a nd  1 -3  immed ia t e ly  

sou th  o f  t h e  f a c i l i t y  t ank  f i e l d  showed  nonde t ec t ab l e  l ev e l s  o f  

a roma t i c  hyd roca rbon  vapo r s .  Howeve r ,  a t  s amp l e  s t a t i on  1 -4  

l oca t ed  s ou th  o f  t h e  we s t e r n  s ec t i on  o f  t h e  ETSS  p rope r ty ,  t h e  

benzene  v ap o r  concen t r a t i on  was  2 4  ppm.  Sam p le  s t a t i ons  f u r t he r  

sou th  show s i gn i f i c an t l y '  r educed  l e ve l s  o f  benz ene  vapo r  

concen t r a t i ons  ( s ee  f i gu r e  4 .1 .3  f o r  va l ue s ) .  
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4 .3  AREA 2  -  Area  w es t  and  sou thwes t  o f  ETSS  f a c i l i t y .  

Co ncen t r a t i ons  o f  benzene  hyd roc a rbon  vapo r s  f ound  i n  t he  

a r ea  west and southwest of the ETSS facility range from ND to 128 

ppm.  ( s ee  f i gu re  4 .1 .3 ) •  

The highest benzene concentration in this area, 128 ppm, was 

f o und  a t  s t a t i on  1 -10*  Th i s  s t a t i on  i s  nea r  a  p ipe l i ne  wh ich  

once connected the ETSS facility oil/water separator to the Four 

Winds parking lot storm water drainage. This pipeline was in 

service for a relative short time before it was disconnected and 

. capped . -

4 . 4  A REA  3  -  Nor th  a nd  e a s t  o f  ETSS  f a c i l i t y .  

A t h i r d  a r ea  o f  measu rab l e  a r oma t i c  hyd roca rbon  vapo r  

c onc e n t r a t i ons  ND t o  2 .5  ppm o f  benzene ,  was  f ound  t o  ex t end  t o  

t he  su r vey  b o u n d a r i e s ,  400  f t .  t o  t he  no r th  a nd  83  f t .  t o  t he  

e a s t  o f  t h e  E T S S  f a c i l i t y .  A r o m a t i c  h y d r o c a r b o n  v a p o r  

co n cen t r a t i ons  f ound  In  t h i s  a r e a  a r e  pos s i b l y  a  r e su l t  o f  

va po r i z a t i on  f rom hyd roc a rbons  p r e sen t  i n  r eg iona l  g roundwa te r  

wh ich  m ay  be  a t t r i bu t ab l e  t o  o the r  sou r ce s .  

It is not possible to ascertain the sources of hydrocarbon 

vapo r s  found  i n  t he  a r ea  f rom t h i s  so i l  vapo r  su rvey .  A mo re  

direct method such as borings, monitoring well installations, and 

samp l ing  and  ana ly se s  w i l l  h av e  t o  be  em p loyed  t o  r e f i ne  t he  da t a  

ba se .  
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5.0 CHLORINATED HYDROCARBON 
Tab le  5 . 0 . 1  p r e sen t s  t he  r e su l t s  o f  ch lo r i na t ed  hyd roca rb o n  

(TCE,  P CE & DCE)  ana ly se s  f o r  e a c h  s o i l  vapo r  s amp le  co l l e c t ed  

du r ing . t he  su rvey .  Cop i e s  o f  a l l  ch roma tog rams  and  da i l y  

c a l i b r a t i on  cu rves  a r e  p r e sen t ed  i n  t he  s epa ra t e  supp l e me n t  

en t i t l ed :  "Pho tocop i e s  o f  O r ig ina l  G as  C h r oma tog r ams  and  

Ca l i b r a t i on  Curves " .  

Ch lo r i na t ed  hyd roca rbons ,  a l t hough  no t  t yp i ca l l y  found  i n  

mo to r  f ue l ,  we re  ana lyzed  i n  t he  so i l  V ap o r  s amp le s  a t  t he  

r eques t  o f  DPNR-EPA.  Th i s  r eques t  was  made  because  ch lo r i na t ed  

hyd roca rbons  w e re  f ound  i n  wa t e r  su p p ly  w e l l s  i n  th ' e  Tu tu  a r ea .  

The  su r vey  r e su l t s  show t ha t  t he  h ighes t  ch lo r i na t ed  

h y d ro ca rbon  (DCE,  PCE & TCE)  concen t r a t i ons  r ang ing  f rom ND t o  

189  ppm we re  ob t a ined  i n  a r ea  2 .  • To t a l  c h l o r i na t e d  hyd roca rbon  

vapo r  s amp le s  f r om s t a t i ons  1 -4  and  11 -11  i n  Area  2  y i e ld  va lue s  

o f  78  and  189  ppm,  r e spec t i v e ly  ( s ee  f i gu re  5 . 0 . 2 ) .  I n  Are a  1 ,  

s even  s amp le s  we re  a na l yzed  f o r  ch lo r i na t ed  hyd roc a rbon  vapo r s .  

The  va lue s  r ange  f r om  ND t o  a  h igh  o f  16  ppm o f  t o t a l  ch lo r i na t ed  

h y d ro ca rbon  vapo r s  a t  S t a t i on  1 -23  l oc a t e d  on  t he  n o r thwes t  

co rne r  o f  t h e  E T S S  f a c i l i t y .  At  S t a t i on  1 - 17  - ch lo r i na t ed  

hyd roca rbon  vapo r s  we re  de t ec t ed  b u t  due  t o  t he  h igh  

concen t r a t i ons  o f  a rom a t i c  vapo r s . ,  q uan t i f i c a t i o n  o f  ch lo r i na t ed  

v a p o r s  was  no t  pos s ib l e .  I n  Are a  3 ,  t he  h i ghes t  concen t r a t i on  o f  

t o t a l  ch lo r i na t ed  hyd roca rbon  vapo r s ,  13  ppm,  was  f ound  a t  

S t a t i on  I I -8  l oca t ed  on  t he  edge  o f  t he  su rvey  no r thwes t  

bounda r y .  Concen t r a t i ons  o f  ch lo r i n a t ed  hyd roc a rbon  vapo r s  i n  
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Area  3  dec r ea se  t oward  t he  s ou th .  Th i s  i s  ev iden t  by  va lue s  

ob t a i ned  f rom sam p le s  a t  S t a t i ons  I I - 4  an d  1 -28 .  Th i s  sugges t s  

t ha t  t he  sou rce  o f  ch lo r i na t ed  hyd roc a rbon  i s  f rom an  a r ea  t o  t he  

no r th  o f  t h e  ETSS  f a c i l i t y .  
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TABLE 5 . 0 . 1  

HIGHEST CONCENTRATIONS OF  CHLORINATED HYDROCARBON VAPORS 
FOUND IN  S OIL  G A S SAMPLES,  ESSO TUTU AREA <PPM )  

L O C A T ION DATE DCE TCE PCE TOTAL 

1 -1  APRIL /20  ND 0 . 179  ND 0 . 179  

1 -4  APRIL /2 2  18 6 .87  ND 2 . 598  189 .468  

1 -5  APRIL /20  0 . 2538  0 .3417  1 .552  2 . 148  

1 -9  APRIL /11  '  ND ND ND ND 

1 - 10  APRIL /11  ND N D  13 .70  13 .70  

1 -14  * APRIL /11  3 . 098  ND 5 . 83  8 .928  

i—i
 i OJ
 

APRIL /2 3  0 . 569  ND ND 0 . 569  

1 -17  APRIL /2 2  ME.  ME ME  ME 

1 - 18  APRIL /12  ND ND 0 . 370  0 . 370  

1 -19  APRIL /11  0 . 014  ND 2 . 08  2 .094  

1 -2 0  APRIL /18  ND ND ND ND 

1 -21  APRIL /12  ND .  ND 2 . 98  2 . 98  

1 -22  APRIL /12  ND ND ND ND 

1 -23  APRIL /12  ND 6 . 196  15 .596  21 .792  

1 -24  A PRI L /14  0 . 043  0 .022  0 .045  0 .110  

1 -25  APRIL /28  0 . 007  0 .152  0 .295  0 .454  

1 -28  A PRI L / 1 3  0 . 9 0 8  0 .5 4 8  3 .346  4  . 802  

1 -29  A PRI L / 1 3  ND ND 0 . 274  0 .274  
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LOCATION DATE DCE 

II-l APRIL/16 0.180 

.11-2 * APRIL/16 0.376 

11-3 APRIL/16 0.165 

I1-4 APRIL/18 1.465 

11-5 APRIL/19 ND 

I1-6 APRIL/19 0.028 

11-7 APRIL/19 0.065 

11-8 APRIL/19 0.870 

11-9 APRIL/19 0.022 

11-10 APRIL/28 1.077 

11-11 APRIL/21 ND 

11-12 APRIL/21 • 0.043 

11-13 APRIL/21 ND 

I 1-1.4 APRIL/21 0.361 

11-15 APRIL/21 0.332 

11-16 APRIL/22 0.044 

11^17 APRIL/22 ND 

11-18 APRIL/22 ND 

I 1-19 APRIL/23 ND 

ND-NOT DETECTED 

ME-MASKING EFFECT 

TCE PCE TOTAL 

ND 0.102 0.282 

ND 0.358 0.734 

0.470 1.366 2.001 

1.128 5.243 7.836 

0.008 0.058 0.066 

0.087 ND 0.115 

0.814 ND 0.879 

1.350 11.471 13.691 

0.084 2.02 2.126 

0.964 ND ,2.041 

73.47 5.24 78.71 

ND ND 0.043 

ND ND ND 

ND 1.866 2.227 

ND 1.866 2.198' 

0.135 0.649 0.828 

0.043 0.030 0.073 

10.88 5.80 16.68 

ND ND ND 
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6 .0  Rec ommenda t i ons  

T he  r e su l t s  o f  t he  so l i  v ap o r  s u r vey  ha ve  I nd i ca t ed  t ha t  

de t ec t ab l e  l eve l s  o f  bo th  a r oma t i c  and  ch lo r i na t ed  hyd roca rbon  

v ap o r s  a r e  p r e s en t  i n  t he  s u b s u r f ace .  Howeve r ,  i t  was  no t  

pos s ib l e  t o  a sce r t a i n  t he  sou rce s  o f  t he se  vapo r s ,  no r  t he  a c tua l  

co n cen t r a t i ons  t ha t  may  b e  p r e se n t  a s  d i s so lved  cons t i t uen t s  i n  

t he  l oca l  g r oundwa te r .  To  r e f i ne  t he  ex i s t i ng  da t a  ba se ,  a  more  

d i r e c t  me thodo logy  o f  s amp l ing  a nd  ana ly se s  mus t  be  emp loy ed .  

The  f o l l o w in g  r ecommenda t i ons  a r e  submi t t ed  fo r  you r  

cons ide r a t i on  t o  ach i eve  t he  d e s i r ed  r e su l t s .  

A s ubsu r f ace  i nves t i ga t i on  i s  r ecommended  t o  be  unde r t aken  

cons i s t i ng  o f  d r i l l i ng ,  we l l  i n s t a l l a t i on ,  a nd  so i l  a nd  wa t e r  

s amp le  co l l e c t i on  a nd  a na l y se s . "  The  a c tua l  bo r ing  l oc a t i ons  w i l l  

be  ba s ed  on  f i e l d  cond i t i ons  a nd  s i t e  a c c e s s ib i l i t y .  Bor ings  

shou ld  be  c omple t e d  a s  mon i to r i ng  we l l s  t o  co l l e c t  wa t e r  l ev e l  

e l eva t i on  da t a ,  and  w a t e r  s amp le s  f o r  chemica l  ana ly se s .  

Dur i ng  t he  d r i l l i n g ,  t he  so i l  c u t t i ngs  shou ld  be  s canned  

w i th  a  po r t ab l e  pho to - i on i za t i on  de t ec t i on  (P ID)  me t e r  t o  

de t e r mine  t he  concen t r a t i on  o f  vo l a t i l e  o rgan i c  vapo r s .  The  P ID  

r e ad ings  ma y  p rov ide  som e  i nd i ca t i ons  o f  p r e f e r r ed  z ones  o f  

hyd roca rbon  movemen t .  

A t  t h e  comple t i on  o f  t he  we l l  i n s t a l l a t i on  p rog ram,  t he  t op  

o f  t h e  c a s in g s  shou l d  b e  s u r veyed  t o  a  common  d a tum ' .  

Add i t i ona l l y ,  t he  e l eva t i ons  o f  t he  nea rby  e x i s t i ng  wa t e r  supp ly  
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wel l s  sho u ld  be  s u r ve yed .  Wa te r  l eve l  e l eva t i ons  w i l l  be  

measu red  an d  t he  gene ra l  d i r e c t i o n  o f  ho r i zon t a l  g r oundwa te r  f l ow  

can  be  e s t ab l i shed .  

Th e  p roposed  ne w  w e l l s ,  and  t he  ne a rby  ex i s t i ng  wa t e r  supp ly  

we l l s  shou ld  be  s a mp l e d ,  an d  t he  wa t e r  a na lyz e d  f o r  s e l ec t ed  

d i s so l ved  cons t i t uen t s .  To  a i d  i n  t he  i n t e rp r e t  a t  i on  o f  t h e  

da t a ,  and  a s s e s s  t he  su i t ab i l i t y  o f  s amp le s  co l l e c t ed  f rom t he  

wa t e r  supp ly  we l l s  w i th  t he  u se  o f  t h e  ex i s t i ng  p u mping  

eq u ip m en t ,  a s  much  i n fo rma t ion  a s  pos s ib l e  shou ld  be  co l l e c t ed  

a n d  r ev i ewed .  Da t a  such  a s :  cons t ruc t i on  de t a i l s ,  l i t ho lo g i c  

l ogs ,  pump  s e t t i ng ,  pum ping  r a t e s ,  wa t e r - l eve l  measu remen t s ,  and  

wa t e r - s amp le  ana ly se s  shou l d  be  co l l e c t ed  and  r ev i ewed .  

Because  t he  unde r g r ound  storage t anks  a t  t he  E T SS  a r e  t o  be  

r ep l aced  a s  pa r t  o f  t h e  p l an n ed  ESSO Se rv i c e  S t a t i o n  U p g rad i ng  

P rog ram,  some  add i t i ona l  t a sk s  shou l d  be  unde r t aken  du r ing  t h i s  

a c t i v i t y .  Dur ing  t h e  excava t i on ,  obse rva t i ons  shou l d  be  m ade  t o  

d e t e r mi ne  t h e  p r e s ence  o f  f r e e  p roduc t  i n  t he  e x i s t i n g  t ank  

f i e l d .  I n  t h e  even t  t h a t  f r e e  p roduc t  i s  f ound  du r ing  t he  t ank  

excava t i on  a c t i v i t y ,  p ro duc t  shou ld  t hen  be  imme d ia t e ly  r e moved  

and  d i sp osed  o f  p rope r l y .  Add i t i ona l l y ,  any  so i l  o r  ba ck f i l l  

m a t e r i  a l  excava t ed  shou ld  be  s canned  w i th  a  po r t ab l e  P ID  me te r  

f o r  t he  p r e s e nc e  o f  vo l a t i l e  o rgan i c  va po r s .  Shou ld  t he  p r e sence  

o f  vo l a t i l e  o rgan i c  vapo r s  be  i nd i ca t ed  by  t he  P ID  r ead ings ,  s o i l  

e s  sh o u ld  be  co l l e c t ed  f o r  l abo ra to ry  a na ly s e s .  
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I t  i s  f u r t h e r  r ecomm e nde d  t ha t  commencemen t  o f  t h e  above  

r e c o m m e nda t i ons  be  unde r t aken  a s  s oon  a s  pos s ib l e .  T h i s  w i l l  

a l l o w  ESSO t o  deve lop  a  be t t e r  unde r s t and ing  o f  t h e  na tu r e  and  

e x t e n t  o f  t h e  s i t ua t i on ,  a nd  t o  fu r t he r  r e s pond  t o  any  po t en t i a l  

p rob l em  i n  an  exped i t i ous  m a nne r .  
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OPERATIONAL PROCEDURES AUDIT 
SOIL VAPOR INVESTIGATION 

ESSO - TUTU SERVICE STATION 
ST. THOMAS, USVI 

INTRODUCTION 

The  aud i t  t o  t he  So i l  V a po r  I nves t i ga t i on  conduc t ed  b y  

Be lgode re  & As soc i a t e s  I nc .  (BAI )  ,  a t  t he  ESSO -  TUTU Se rv i ce  

S t a t i on  w a s  pe r f o r m e d  by  Sha re t ech  — Omar  Mun iz  & A s s oc i a t e s .  

Th e  Qu a l i t y  As s u rance  (QA)  O f f i c e r ,  Eng .  Omar  Mun iz ,  w as  a s s i s t ed  

by  Mr .  J u l i o  R odr i gue z  an d  Mr .  J o se  G. Vi l a .  Sha re t ech  condu c t ed  

a  con t i nuous  f i e l d  sys t em  and  ope ra t i ona l  p ro ced u re s  check .  Mr .  

J o se  G. Vi l a  wa s  p r e sen t  du r ing  t he  comple t e  p ro j ec t  f rom Apr i l  

5 ,  1 9 8 8  t o  Apr i l  23 ,  1988 .  Ob se rv a t i o n s  a nd  r ecommenda t i ons  we re  

b rough t  t o  t h e  a t t en t i on  a nd  d i s cus s ed  w i th  BAI  pe r sonne l  du r ing  

t h i s  pe r i od .  Th i s  r epo r t  i s  a  summary  o f  s a i d  i n fo rma t ion .  

PU RPOSE O F  THE A U D I T  

Th e  aud i t  was  conduc t ed  t o  . ve r i f y  . t ha t  t h e  p rocedu re s  

de sc r i bed  i n  t he  Work  P l a n  an d  i n  t he  QA/QC P l an  we re  be ing  

fo l l owed .  Th e  a u d i t o r  was  p r e sen t  f o r  any  consu l t i ng  t o  t he  

P ro j ec t  Of f i c e r  o r  any  me mbe r  f r om h i s  s t a f f  i n  r e l a t i on  t o  

ne c e s sa ry_mod l f i c a t i ons  ba sed  on  t he  expe r i ence  i n  t he  f i e l d .  
"\ 

Th e  ma in  pu rpose  i s  t o  kee p  o r  improve  t he  f i n a l  w 'o rk  p roduc t .  



FIELD OBSERVATIONS 

Bas ed  on  f i e l d  judgme n t s  and /o r  mu tua l l y  ag r eed  de c i s i ons ,  

some  cha nge s  we r e  nece s sa ry  du r ing  t he  p ro j ec t .  These  we re  

nece s sa ry  due  t o  f i e l d  an d  spec i f i c  s i t e  cond i t i ons .  Th e re  we r e  

e l e c t r i c a l  v o l t ag e  va r i a t i ons  and  i n t e r mi t t en t  power  f a i l u r e s ,  

wh ich  caused  some  unexpec t ed  de l ays .  Add i t i ona l  f i e l d  equ ipmen t  

was  b rough t  i n t o  t h e  ope ra t i on  t o  s o lve  t h i s  p rob l e m.  Among  

t he s e  we re  an  aux i l i a ry  power  p l an t  and  e l e c t r i c  cu r r en t  

r e c t i f i e r .  

One  o f  t h e  tw o  Gas  Ch roma tog raphs  (CG)  w as  equ ipped  w i th  a  

P I D  de t ec to r .  A t  t h e  end  o f  t f he  f i r s t  week  o f  t h e  p ro j ec t ,  and  

by  r eques t  o f  CDM^ t h e  amoun t  o f  s amp le  t o  be  i n j ec t ed  i n to  t he  

GC  was  i n c r e a se d .  Upon  i nc r ea s ing  t he  s amp le  i n j ec t i on  t he  

de t ec to r  s t a r t ed  t o  ma l func t i on  and  t o  show ho  o r  ve ry  poo r  

r e so lu t i o n .  Th e  peaks  o f  conce rn  d id  no t  appea r .  T he  m os t  

p robab l e  cause s  f o r  t h e se  cond i t i ons  a r e  t ha t  t he  P ID  de t ec to r s  

we re  a f f e c t ed  by  humid i t y ,  e l e c t r i c a l  va r i a t i ons ,  a s  we l l  a s  t he  

i nc r e a se d  s amp le  i n j ec t i on .  Af t e r  t he  P ID  de t ec to r  was  r ende red  

i nope ra t i ve ,  i t s  u se  w a s  d i s c o n t i n u e d  f o r  t he  r e s t  o f  t h e  

p ro j  e c t .  

I n  o rde r  t o  check  on  t he  Va l i d i t y  o f  t h e  F ID  de t ec to r ,  

s t anda rd  s amp le s  we re  i n j ec t ed  t o  ve r i f y  t he  r e so lu t i on .  Af t e r  

f ew  i n j ec t i ons  and  t h e  ad ju s tmen t s  t o  t he  i n s t rume n t  cond i t i ons ,  

a l l  t he  pa r ame te r s  o f  conc e rn  we re  c l e a r l y  r ecogn i zed .  The  

s amp le s  o f  t h e  f i r s t  we e k  we re  qua l i t a t i ve ly  ana lyzed .  Th e  

quan t i f i c a t i on  o f  t he se  s amp le s  was  pe r fo rmed  a f t e rwa rds .  



The  s a m p l i ng  p rocedu re s  we r e  f o l l owed  a s  de sc r i bed  i n  t he  

p l an  w i th  mino r  changes .  T he  dep th s  f rom wh ich  s amp le s  w e r e  

co l l e c t ed  wer e  changed  i n  t hose  s i t ua t i ons  whe re  subsu r f ace  

cond i t i ons  d id  no t  a l l ow  pene t r a t i on  t o  t he  t a rge t  dep th .  CDM 

r ep r e sen t a t i ve s  su g g es t ed  t ha t  t he  m in imu m dep th  f o r  vapo r  

sa mp l ing  be  e s t ab l i shed  a t  t wo .  f e e t  be low  su r f a c e .  I n  a dd i t i on ,  

a  min imum dep th  s epa ra t i o n  o f  two  f e e t  mus t  be  ma in t a ined  be tween  

s amp le  co l l e c t i on  a t  t h e  sam e  s t a t i o n .  Th i s  s a mp l ing  p roc e du re  

was  mu tua l l y  ag r eed .  A t o t a l  o f  s i x ty— tw o  (62 )  s amp le s  we re  

c o l l e c t ed  du r ing  t he  i nves t i ga t i on .  

A t  t h e  beg inn ing  o f  f i e l d  ac t i v i t i e s  and  a t  t he  r eques t  o f  
/ 

EPA-GDM,  t h e  o r i g ina l  s amp l ing  pump  wa s  r ep l aced  w i th  a  pump  

hav ing  an  i nd i ca t i ng  f l ow  dev i ce  and  a  h ighe r  c apac i t y .  The  ne w 

pump  was  c a l i b r a t ed  be fo r e  i t s  u se  a nd  checked  aga in  a t  t he  e nd  

o f  t h e  p ro j ec t .  Pump  c a l i b r a t i on  d id  n o t  va ry  more  t han  one  

pe r ce n t .  

I n t e rna l  qua l i t y  con t ro l  checks  such  a s  f i e l d  b l an k s ,  

s y r i nge  b l anks  an d  equ ipm en t  b l anks  we re  conduc t ed  d u r ing  t he  

p ro j ec t .  Th ree  po in t  c a l i b r a t i on  s a mp l e s  w e r e  p roce s se d  and  

p lo t t ed  a t  a  l a t t e r  da t e .  A l though  t he  work  p l an  o r i g ina l l y  

cons ide r ed  t h e  t ak ing  o f  dup l i c a t e  s a mp l e s  a t  e a c h  s amp l i ng  

po in t ,  two-  i ndependen t  s amp le s  we re  t aken  i n  s equence .  The  

me thod  o f  t a k i ng  t he  samp le s  d id  no t  a l l ow  f o r  r ep l i c a t e  s am p le s  

because  o f -  t h e  dynamic  cond i t i ons  o f  t h e  sou rce  whe re  s amp le s  

we re  t aken .  



•  DEVIATIONS FROM WRITTEN PLA N  
^  ~  QA/QC PLAN 

DE VIATION SECTION PAGE 

A .  A l l  s amp le s  we re  no t  f i e l d  t e s t ed  f o r  2 .3  2  
• To t a l "Hydroca rbons ,  Benzene ,  To luene ,  

E thy lbenzene ,  Xy lene ,  T r i ch lo roe thy l ene ,  
Te t r ach lo roe thy l ene  and  D i c h l o r o e t h y l e n e .  

B .  O the r  GC co l u mn s  we re  u s e d .  2 . 3  3  

C .  Sample s  we re  i n j ec t ed ,  t o  t he  GG u s ing  t he  4 .0  7  
s ame  ga s  t i gh t  g l a s s  sy r i nge  i n  wh ich  
s am p le s  we re  co l l e c t ed .  

D .  Dur ing  t h e  f i r s t  week  o f  work  one  po in t  6 . 0  11  
ca l i b r a t i on  checks  we re  conduc t ed*  

E .  Th e  Pho to  I on i za t i on  D e t e c t o r  was  e l i m i na t ed  2 . 3  3  
a t  t he  be g inn ing  o f  t h e  i nve s t i ga t i on .  

F .  Ca l i b r a t i on  checks  d id  no t  n ece s sa r i l y  6 . 0  11  
fo l l ow  a f t e r  each  f i ve  samp le s  s eq u en ce .  

G .  Th e  s t anda rd  f o r  100  PPM o f  BTEX w as  no t  8 . 2 .  13  
ava i l ab l e  a t  t h e  s t a r t  o f  t h e  i nve s t i ga t i on .  

RECOMMENDATIONS 
The  r e su l t s  f o r  each  day  o f  work  shou ld  be  r epo r t ed  t o  

inc lude  t he  ca l i b r a t i on  cu r v e  w i th  t he  r e spec t i ve  ch roma tog rams  

and  t h e  ch roma tog rams  o f  e a c h  o f  t h e  s amp le s ,  A l l  t h e  dev i a t i ons  

men t io ned  be fo r e  shou ld  be  exp l a ined  i n  t he  f i n a l  r epo r t .  I t  i s  

h igh ly  r ecommended  t h a t  t he  P ro j ec t  Man ag e r  i nc lude  a l l  t he  

s t a t i s t i c a l  ana ly se s  and  c r i t e r i a  used  f o r  da t a  va l i da t i on  and  

t he  u se  and  l im i t a t i ons  o f  t h e  r e su l t s  ob t a ined  a s  app l i c ab l e .  


